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1 Summary 


The free kick plays an important role in a modern football match. A 
skillful football player usually uses the opportunity of a free kick to score 
a goal. So many teams pay great attention to free kicks as an important 
way to win matches. Especially in matches where the two teams are well- 
matched in strength, goals from free kicks are of indispensible 
importance in narrow victory. In addition, many celebrated football teams 
use the free kick as a shortcut to winning. Along with the football games 
development came the great changes in the weight and shape of footballs. 
The football’s lighter weight makes it tend to change its track under many 
kinds of force. So nowadays there are diverse ways to kick the free kick. 
This thesis mainly focuses on using mathematic ways to work out the 
function of their tracks and finding out the regulation of banana 


kicks. It will also discuss the application of this regulation to daily life. 
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2 Parameters 


2.1 Basic parameters 

Temperature during the match: T 

Velocity of wind during the match: Vwing 

Radius of the football: R=0.15m (According to the rules of the football 
match) 

Weight of the football: M=0.45kg (According to the rules of the football 
match) 

Velocity of the football(ground as reference frame): Ус, 


Rotation speed of the football: w 


Pressure on the upper surface of the football: Pup 


Pressure on the bottom surface of the football: Paown 
Force on the football: F 

The circumference of the football: c 

Displacement of the football: H 

Linear velocity of the football: Vinea, 

Time the football contact with foot: t 

Angle of emergence: ? 


All of these parameters are in international unit 


2.2 Basic Settings 


Introduction of the football and the football pitch 

2.2.1 Football 

We consider the football as a perfect sphere, which the pressure inside is 
60.8—11.5kp. We ignore both the lose and the addition of the weight of 


the football during the match. 


2-2 Football Pitch 
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2-3 Goal 
3. assumptions 


To make the research more practical, we use the official football of 2012 
UEFA European Championship in our research.(2-1) 

Because of the influence of the weather, we make these assumptions: 

1, 1225€ 

2. Velocity of the wind is constantly 0 m/s 

3. Moisture of the air does not influence the weight of the football 

4. Characteristics of the football are constant 

5. The football does not touch the ground before entering the goal 


6. Shape of the football does not change 


4. Bring up the question 
Banana kick is a kind of free kick whose track of movement is a curve. 
In a football match, player usually applies banana kick to bypass the 


wall of players to goal. In this research we geometrically analyze the 


track of banana kick and the best way to give a free kick. 


4-1 Banana Kicks 


4-2 Banana Kick 


5. Model and Analysis 

5.1 Parameters when player kicks the ball 
Establish the coordinate system as 5-1 
Assume F=450N, and F is in the aspect of xoy, forms a 2° angle with 
axis y. Aspect xoy forms 30° angle with level ground. 


5-1 
According to parallelogram rule, 


Бу = Fcos6 ~ 450N 
Е, = Fsin0 = 16N 
5.1.1 Radial Velocity 


According to theorem of momentum 
Ft = MVradial 
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5.1.2 Tangential Velocity 


According to G = Y mr*w 
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According to theorem of momentum 


Ft=G 
Е 2Ft 
= Mpa TR? 


5.2 Movement of Football 


= 20rad/s 


5.2.1 Air resistance 
When moving in the air, the football is given the force of air resistance, 
which is in the opposite direction with it movement. There are mainly 


two types of air resistances: one is viscous drag, the other is pressure drag. 


The distinction of them is Reynolds numbers. 
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5.2.1-1 


V is coefficient of viscosity (According to 5.2 1-2 the coefficient of 


viscosity of air in 20°C is 1.5 х 107?) 

d is the diameter of the football 

d = 2Rpall 

So the Reynolds numbers of the football: 
Re = kl 


у 
апау = 20m/s 
- Re < 4 x 10? 
Re x 3 x 10° 


> The football mainly is given a pressure horizontally. 


5.2.1-2 


According to the formula of pressure drag F4 = ~pV2ACg 


and Са = 0.2 А = пв? 
Е, = 9.118 x 10 ?V2 


a; 0.020У2 
Affected by this accelerator in the opposite direction, the velocity of the 
football reduces 


5.2.2 Vertical Force 
To calculate the vertical force and accelerator, we cut the ball to 
infinitely small vertical aspects as 5.2.2-1, 


5.2.2-1 


5.2.2.1 using gambit and fluent software 


Establish grid in gambit as 5.2.2.1-1 


Load it into the fluent calculator, define boundary conditions v=20m/s, 
the outcome is as following: 


Static Pressure 


Contours of с Pressure (ү 


Velocity 
7 X 


5.01e*01 


FLUENT 


Magnified Velocity 


5.2.2.1-3 (2) FLUENT 6 


Contours of Velocity Magnitude (г 


When the velocity of the football is 20m/s, Ө — v, data: 


7.52194 45 35.1024 90 47.6389 135 17.5512 
7.52194 46 37.6097 91 47.6389 136 17.5512 
7.52194 47 37.6097 92 47.6389 137 15.0439 
7.52194 48 37.6097 93 47.6389 138 15.0439 
7.52194 49 37.6097 94 47.6389 140 5.01462 
7.52194 50 37.6097 95 47.6389 141 5.01462 
7.52194 51 37.6097 96 47.6389 142 5.01462 
7.52194 52 40117 97 47.6389 143 5.01462 
10.0292 53 40117 98 47.6389 144 5.01462 
10.0292 54 40117 99 47.6389 145 5.01462 
10.0292 55 40.117 100 47.6389 146 5.01462 
12.5366 56 40.117 101 47.6389 147 5.01462 
12.5366 57 42.6243 102 47.6389 148 5.01462 
15.0439 58 42.6243 103 47.6389 149 5.01462 
15.0439 59 42.6243 104 47.6389 150 5.01462 
15.0439 60 42.6243 105 47.6389 151 5.01462 
17.5512 61 42.6243 106 47.6389 152 5.01462 
17.5512 62 45.1316 107 47.6389 153 2.50731 
17.5512 63 45.1316 108 47.6389 154 2.50731 
17.5512 64 45.1316 109 47.6389 155 2.50731 
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20 17.5512 65 45.1316 110 451316 156 2.50731 
21 17.5512 66 451316 111 42.6243 157 2.50731 
22 200565 67 45.1316 112 42.6243 158 2.50731 
23 20.0585 68 45.1316 113 42.6243 159 2.50731 
24 20.0585 69 47.6389 114 42.6243 160 2.50731 
25 225658 70 47.6389 115 40.117 161 2.50731 
26 22.5658 71 47.6389 116 40.117 162 2.50731 
27 22.5658 72 47.6389 117 37.6097 163 2.50731 
28 25.0731 73 47.6389 118 37.6097 164 2.50731 
29 25.0731 74 47.6389 119 37.6097 165 2.50731 
30 25.0731 75 47.6389 120 37.6097 166 2.50731 
31 30.0877 76 47.6389 121 35.1024 167 2.50731 
32 30.0877 77 47.6389 122 35.1024 168 2.50731 
33 30.0877 78 47.6389 123 35.1024 169 2.50731 
34 27.5804 79 47.6389 124 32.5951 170 2.50731 
35 30.0877 80 47.6389 125 30.0877 171 2.50731 
36 30.0877 81 47.6389 126 30.0877 172 2.50731 
37 30.0877 82 47.6389 127 27.5804 173 2.50731 
38 32.5951 83 47.6389 128 27.5804 174 2.50731 
39 32.5951 84 47.6389 129 25.0731 175 2.50731 
40 32.5951 85 47.6389 130 25.0731 176 2.50731 
41 32.5951 86 47.6389 131 22.5658 177 2.50731 
42 35.1024 87 47.6389 132 22.5658 178 2.50731 
43 35.1024 88 47.6389 133 20.0585 179 2.50731 
44 35.1024 89 47.6389 134 20.0585 180 2.50731 


5.2.2.2 Using C++ to calculate 


! Р-Р 
According to Ср = т —1-— (2, 
2D Voo 


Voo 


use C++ to program and calculate. 


C++ code: 
include «сяш р» 
#include <fstream> 
using namespace std; 
ifstream fin("v20-thea.in"); 
ofstream fout("Cp.out"); 
int main(int argc, char *argv[]) 
{ 
double a[185][2]; 
int ij; 
for(=0;1<=180;1++) 
Ї 
forG=0;j<2;j++) fin*»a[1][j]; 
} 
for(1=0:1<180;1+-+) 
Ї 
a[i][1]21-(a[1][1]/20) * (a[1][ 1 ]/20); 
) 
for(i=0;1<180;1++) 
Ї 
for(j=0;j<2;j++) fout««a[i][j] ««" "; 
fout ««endl; 
) 


return 0: 
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Ө — Cpo data: 


оо моло моно 


$S 5 > $S > шоо шо шу ш) (9 ш) 00 (09 б) ш М М М М М М Мм Мм М М ҥә RP RP ҥ RP RP RPP PB 
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0.858551 
0.858551 
0.858551 
0.858551 
0.858551 
0.858551 
0.858551 
0.858551 
0.748536 
0.748536 
0.748536 
0.607087 
0.607087 
0.434205 
0.434205 
0.434205 

0.22989 

0.22989 

0.22989 

0.22989 

0.22989 

0.22989 
-0.00586 
-0.00586 
-0.00586 
-0.27304 
-0.27304 
-0.27304 
-0.57165 
-0.57165 
-0.57165 
-1.26318 
-1.26318 
-1.26318 

-0.9017 
-1.26318 
-1.26318 
-1.26318 
-1.65609 
-1.65609 
-1.65609 
-1.65609 
-2.08044 
-2.08044 
-2.08044 


45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 


-2.08044 
-2.53622 
-2.53622 
-2.53622 
-2.53622 
-2.53622 
-2.53622 
-3.02343 
-3.02343 
-3.02343 
-3.02343 
-3.02343 
-3.54208 
-3.54208 
-3.54208 
-3.54208 
-3.54208 
-4.09216 
-4.09216 
-4.09216 
-4.09216 
-4.09216 
-4.09216 
-4.09216 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 


90 

91 

92 

93 

94 

95 

96 

97 

98 

99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 


-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.67367 
-4.09216 
-3.54208 
-3.54208 
-3.54208 
-3.54208 
-3.02343 
-3.02343 
-2.53622 
-2.53622 
-2.53622 
-2.53622 
-2.08044 
-2.08044 
-2.08044 
-1.65609 
-1.26318 
-1.26318 

-0.9017 

-0.9017 
-0.57165 
-0.57165 
-0.27304 
-0.27304 
-0.00586 
-0.00586 


135 
136 
137 
138 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 


0.22989 

0.22989 
0.434205 
0.434205 
0.937134 
0.937134 
0.937134 
0.937134 
0.937134 
0.937134 
0.937134 
0.937134 
0.937134 
0.937134 
0.937134 
0.937134 
0.937134 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 
0.984283 


Enter these data into matlab, here is the graph 


Figure 1 
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According to Bernoulli equations: 


P+ - pv? = constant 


1 2 
Pio =Pot+ se (Vg + wr) 


1 2 
Pig = Po +ур (Vg — wr) 
1 2 
A Рә = 5P[(ve + ог)? + (уе = ог) | 
According to parallelogram rule, 


1 2 
A Pox = 5P[(ve + ог)? + (vg—wr) |5іп Ө 


1 
А Pox = =р (4vgor) sind 


A Pox = 2Pvgwrsin Ө 
supposeD: 0 € (0, п), гє (0,0.15) 


1 
120 


180 


F, = 2S || 2руөог sin Ө drdO 
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F, = 47А?ро || Vor sin Ө drdé 
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= 0.0001, A0 = 1 
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r=0 020 
1500 180 
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C 2253 Ca = Sin A Ар 
шан тын тэ рө 10000! 10000 
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Using C++ to calculate, here is the outcome 
1500 180 


r | r 
Х 2 417 ө 1009931 9 21000049 
r=0 020 
C++ code: 


#include <cstdlib> 
#include <fstream> 
#include <math.h> 
using namespace std; 
ifstream fin("Cp.in"); 
ofstream fout("sigema.out"); 
int main(int argc, char *argv[]) 
{ long double a[181][2]; 
int ij; 
double r; 
long double s=0; 
for(i=0;1< 180;i1++) 
{ 
for(j=0;j]<2;j++) fin» »a[i][j]; 


) 
for(r=0;r<0.15;r=r+0.0001) 
{ 
for(i=0;1<180;i1++) 
{ 
s=s+sin(i*3.1415926/180)*sqrt(1- 
a[1][1])*(3.1415926/180)*r*0.0001; } 
fout<<s<<endl; 


j 


return 0: 


м 


r | r 
|1— Ce 100005129 4 15000 49 = 0.0389959 


Substitute into following 


1500 180 
r r 
Fo x 4nR? 523. 1-с ОЕ — AG 
А 423 Pe 10000 10000 
T= = 


So F, = 0.284466438v,, 


F 
ла» = = = 0.632v,, 


5.3 Track of the football 


The movement of the football is a movement with velocity and 
accelerator affect each other continuously, so we divide the time of this 
movement in to infinite small parts, so during each of these part time of 
time, the change of velocity and accelerator reach 0. In this way, we can 
calculate the velocity and accelerator in these moments. Therefore, we 
wan reach the formula of the football’s track. What’s more, the football is 
given a vertical force to the ground because of the pressure difference 
between the up and bottom surface. This is the main reason why the ball 
moves in a curve. 


5.3.1 Calculate by C++ 
suppose f(x, y, 2,0) = 0 


TX Fo ANE 4 лагшин сашалдсонши али хаанаа tt ЛЭ 
БЭР гар UV 02 
ЕС (2) 
OX 8y д?» 
„= лм! дх ду а iis 
"m 32x 35 32; ETE Эр at 
at * 020 on 
0%. «0^ y: д?» 
See 0.032 (9267 Pt t at (2 _ Ox ) (4) 
" m > ЭС? 2070) emn 
0267 ak 
>= (00, 10) sas sas see set see set ae ns att tee өнөө өн үнэн ne (5) 
А + бу + 2 +2 + (6) 
а д 020 Pt а, a в 
x = f(t) ух =f faced t 
suppose + у = g(t) then 4 vy = 8'(0,4ay = 8" (0) 
z = h(t) v; -h'(t la, = h"(t) 


From (1) to (6) , we can know 


0.632g'(t) 9.362 x 10 ?(f'())? 


ре =”... 
VFO)? HEO 40700) + (g'COD? + (8103 
ТА 0.632f' (t) 9.362 x 10? (g' (0)? 
B W=- 


KG! (8 OY (C? + EO  QY (07? 


T T 9.362 x 10? (h'()? 


-———————=- 10 
y E0)  (g'(0)* + (h' (0)? 


lim f(t + ôt) = f(x) 45 (066, f(0) = 0 
jim g(t + 8t) = g(x) 4-8/(965,6(0) = 0 
lim h(t + 6t) = h(x) + h'(t)6t,h(0) = 0 


lim f’(t + St) 2f'G) + f(t) dt, (0) = 0 
lim g'(t + ôt) = g(x) + g'(06t, g (0) = 10/3 
lim h'(t + 6t) = h'(x) + h"(t)6t, h’(0) = 10 


Assume the change of time бї = 0.01s, which means in бї = 0.01s, the 
football move in a line with constant velocity. 


C++ Code: 

#include <cstdlib> 
#include <fstream> 
#include <math.h> 
using namespace std; 


ofstream fout("x.out"); 


int main(int argc, char *argv[]) 
{ 

int 1m; 

double a,b; 


double v[500][3]; 
double a1[500][3]; 
double a2[500][3]; 
double x[500][3]; 
double t=0.01; 


v[0][0]-0; 
v[0][1]=17.32; 
v[O][2]=10; 


x[0][0]=0; 
x[O][1]=0; 
x[0][2]=0; 


for(i=0;1<500;i1++) 

{ 
a-0.020*(vR][0] *vBi O Hv G] У ШУ 121 У 121) 
al [i][O]=a*(- 

v[iJ[0])/sqrt(v GO] via} [0]+vi vG] Ev 1215У 121) 
al[i][ L]-a*(- 

v[gED/sagrtCvIB]E]*vp]Eo? |evp EL ]*vB EL Rv B2 ]*v 121) 
alli][2]=a*(- 

v[D D/sartCvB]E]*vB]o? ]pevp EE T*v[B EL jv 1215У 121) 


b-0.632*sqrt(v[i][0] *v[1]T0]8-v Ei] E Tv] EL Tv 215 121): 
a2[i][0]=b*(v[i][1)/sgrt(v[i][0]*v[i][0]+v[i][1]*vli]1); 
a2[i][1]-b*Cv[i]EO /sqrtCv [E] 0 ]*vE TO ev BEL ]*v E ]LED; 
a2[1][2]-0; 


v[i+1][0]=v[i][0]+(a2[1][0]+a 1 [1][0])*t; 
v[-1j[1]-vB]EL  -(2Ш1-аЦ 11756 
v[i+1](2]=v[i][2]+(a2[(1][2]+a1[1][2]-9.8)*t; 


x[r-1][0]2x[1][0]-v[i][O] *t; 


х-111| х 16 ШИ: 
хЇ-11121 х 121-у 12176 


if(x[i+1][2]<0)//ensure 750 


fout<<x[i][0]<<" 


Outcome:(the coordinates of x, y, Z) 


Ї 
m=i; 
break; 
} 
} 
forG=0;i<m;i++) 
"<<endl; 
return 0: 
} 
0 0 
0 0.1732 
0.001264 0.345707 
0.003779 0.51752 
0.007531 0.688635 
0.012509 0.859052 
0.018698 1.02877 
0.026087 1.19778 
0.034663 1.36609 
0.044414 1.5337 
0.055327 1.7006 
0.06739 1.86679 
0.080591 2.03227 
0.094919 2.19704 
0.110361 2.36109 
0.126907 2.52443 
0.144544 2.68706 
0.163261 2.84897 
0.183047 3.01016 
0.20389 3.17063 
0.22578 3.33039 
0.248707 3.48942 
0.272658 3.64773 
0.297623 3.80532 
0.323592 3.96218 
0.350554 4.11832 


0 

0.1 
0.19862 
0.295868 
0.391752 
0.48628 
0.579459 
0.671298 
0.761802 
0.850981 
0.93884 
1.02539 
1.11063 
1.19457 
1.27723 
1.3586 
1.43869 
1.5175 
1.59506 
1.67135 
1.74639 
1.82018 
1.89274 
1.96405 
2.03414 
2.10301 


4.03179 
4.10715 
4.18299 
4.25929 
4.33604 
4.41326 
4.49092 
4.56902 
4.64757 
4.72655 
4.80596 
4.88579 
4.96604 

5.0467 
5.12718 
5.20926 
5.29113 

5.3734 
5.45606 
5.53911 
5.62253 
5.70633 

5.7905 
5.87504 
5.95994 
6.04519 


"X««x[1][1]««" 
13.0121 4.16217 
13.1173 4.15677 
13.2218 4.1504 
13.3255 4.14306 
13.4285 4.13477 
13.5307 4.12552 
13.6322 4.11531 
13.7329 4.10414 
13.8328 4.09203 
13.932 4.07897 
14.0305 4.06496 
14.1282 4.05 
14.2251 4.0341 
14.3213 4.01727 
14.4167 3.99949 
14.5114 3.98079 
14.6053 3.96114 
14.6984 3.94057 
14.7908 3.91907 
14.8824 3.89665 
14.9733 3.8733 
15.0634 3.84903 
15.1527 3.82384 
15.2413 3.79773 
15.329 3.77071 
154161 3.74277 


"««x[1][2]««" 


0.378499 
0.407416 
0.437296 
0.468128 
0.499903 
0.53261 
0.56624 
0.600783 
0.636229 
0.67257 
0.709796 
0.747897 
0.786864 
0.826689 
0.867362 
0.908874 
0.951218 
0.994383 
1.03836 
1.08314 
1.12872 
1.17509 
1.22224 
1.27016 
1.31884 
1.36828 
1.41846 
1.46939 
1.52105 
1.57343 
1.62653 
1.68033 
1.73484 
1.79005 
1.84594 
1.90251 
1.95975 
2.01766 
2.07622 
2.13544 
2.1953 
2.2558 
2.31693 
2.37869 
2.44106 
2.50405 
2.56763 
2.63182 
2.6966 
2.76197 
2.82791 


4.27374 
4.42843 
4.58239 
4.73562 
4.88813 
5.03991 
5.19095 
5.34127 
5.49086 
5.63971 
5.78784 
5.93523 
6.08189 
6.22781 
6.37301 
6.51747 
6.66119 
6.80418 
6.94644 
7.08796 
7.22874 
7.36879 
7.50811 
7.64668 
7.78452 
7.92163 

8.058 
8.19363 
8.32852 
8.46267 
8.59609 
8.72877 
8.86071 
8.99192 
9.12238 
9.25211 
9.38109 
9.50934 
9.63685 
9.76362 
9.88965 
10.0149 
10.1395 
10.2633 
10.3864 
10.5087 
10.6303 
10.7511 
10.8713 
10.9906 
11.1092 


2.17066 
2.23709 
2.30232 
2.36634 
2.42917 
2.49081 
2.55126 
2.61054 
2.66863 
2.72556 
2.78132 
2.83591 
2.88935 
2.94164 
2.99278 
3.04278 
3.09164 
3.13937 
3.18597 
3.23144 
3.27579 
3.31902 
3.36114 
3.40215 
3.44206 
3.48086 
3.51857 
3.55519 
3.59071 
3.62515 
3.65851 
3.69079 
3.722 
3.75213 
3.7812 
3.8092 
3.83614 
3.86202 
3.88685 
3.91063 
3.93336 
3.95505 
3.9757 
3.9953 
4.01388 
4.03142 
4.04793 
4.06342 
4.07788 
4.09133 
4.10376 


6.13079 
6.21674 
6.30303 
6.38966 
6.47662 
6.56391 
6.65152 
6.73945 
6.82769 
6.91624 

7.0051 
7.09425 

7.1837 
7.27344 
7.36347 
7.45378 
7.54436 
7.63521 
7.72633 
7.81771 
7.90935 
8.00124 
8.09338 
8.18576 
8.27838 
8.37123 
8.46431 
8.55762 
8.65114 
8.74487 
8.83882 
8.93296 
9.02731 
9.12185 
9.21658 
9.31149 
9.40658 
9.50184 
9.59727 
9.69287 
9.78862 
9.88452 
9.98057 
10.0768 
10.1731 
10.2696 
10.3661 
10.4628 
10.5597 
10.6566 
10.7536 


15.5023 
15.5878 
15.6725 
15.7564 
15.8396 

15.922 
16.0036 
16.0844 
16.1644 
16.2437 
16.3222 
16.3999 
16.4768 
16.5529 
16.6282 
16.7028 
16.7765 
16.8495 
16.9216 

16.993 
17.0636 
17.1333 
17.2023 
17.2704 
17.3378 
17.4043 
17.4701 

17.535 
17.5991 
17.6624 
17.7249 
17.7865 
17.8474 
17.9074 
17.9666 

18.025 
18.0825 
18.1393 
18.1951 
18.2502 
18.3044 
18.3578 
18.4104 
18.4621 
18.5129 
18.5629 
18.6121 
18.6605 
18.7079 
18.7546 
18.8003 


3.71393 
3.68418 
3.65352 
3.62196 
3.58949 
3.55613 
3.52187 
3.48672 
3.45068 
3.41374 
3.37591 

3.3372 
3.29761 
3.25714 
3.21578 
3.17355 
3.13044 
3.08646 
3.04162 

2.9959 
2.94931 
2.90187 
2.85356 
2.80439 
2.75436 
2.70348 
2.65175 
2.59916 
2.54573 
2.49145 
2.43633 
2.38037 
2.32357 
2.26593 
2.20745 
2.14814 
2.08801 
2.02704 
1.96525 
1.90263 

1.8392 
1.77494 
1.70987 
1.64399 
1.57729 
1.50978 
1.44147 
1.37235 
1.30242 

1.2317 
1.16018 


2.89443 11.2271 4.11517 10.8507 
2.96151 11.3443 4.12557 10.948 
3.02915 11.4607 4.13497 11.0453 
3.09735 11.5763 4.14336 11.1427 

3.1661 11.6912 4.15075 11.2401 
3.23539 11.8054 4.15713 11.3377 
3.30522 11.9188 4.16252 11.4352 
3.37558 12.0315 4.16692 11.5329 
3.44647 12.1435 4.17032 11.6306 
3.51787 12.2546 4.17274 11.7283 
3.58979 12.3651 4.17417 11.8261 
3.66222 12.4748 4.17461 11.9239 
3.73515 12.5838 4.17408 12.0218 
3.80858 12.692 4.17256 

3.8825 12.7994 4.17007 

3.9569 12.9061 4.16661 


5.3.2 Graph 
Using matlab function stem3 (,, ) 
Reach the graph 


Figure 1 
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18.8453 
18.8893 
18.9325 
18.9749 
19.0163 

19.057 
19.0967 
19.1356 
19.1736 
19.2108 

19.247 
19.2824 
19.3169 


1.08787 

1.01476 
0.940857 
0.866168 
0.790694 
0.714436 
0.637396 
0.559578 
0.480983 
0.401615 
0.321474 
0.240565 
0.158888 


6.Conclusion 

6.1 The best shooting place 

Enter the parameters into the formula, when the drop height 75 
2.44m(the height of the goal), the displacement of the ball H = J/x? + y? 
is about 19.8m. So when being 19.8 t 1m away from the goal, the 
player is more likely to goal by a banana kick. Considering the reactin of 
the goal keeper, in the graph below, shooting in the white area is more 


likely to goal. 


6.1-1 
6.2 Reason of the football’s shaking 

When traveling in air, the football moves to its left and right several 
times, that is because air forms turbulent flows that changes periodically 
behind the ball. The turbulent flows fall behind periodically, therefore 
make the force on the football change periodically.(6.2) 


т, 


SS} 


7. Validation of the data and conclusion 
By watching football match videos and trying by ourselves, we finally 
reach the chart below, which means the conclusion we make is 


practical and feasible. 


Banana kick goal 
Distance H«18.8m 18.8m<H<22.8m H>22.8m 
Goal 14 25 11 


8. Application to reality 

The analysis of football’s track is almost the same with the trajectory 

analysis, which requires various mathematics and physics knowledge. 

It is used a lot both in military affairs and criminal investigation. 

9. Sum up 

Since we are still senior high school students, we still need further 

practice on analyzing problems and to gain more knowledge. Some of 

the analysis still needs more discussion, we will improve it in the 
future. 

9.1 Thanks to our mathematics teacher and physics teacher, who help 
us in the basic preparation of the thesis. 

9.2 We spent much part time gathering information in libraries and 
from Internet, which helps us a lot. 

9.3 We also learnt some university lessons by ourselves to help us 
solve this problem. We even shoot banana kicks by ourselves to 
observe. When calculating the track of the football, we even 
wanted to give up due to the great amount of calculating. However, 
thanks to the encouragement from our parents, we spent a lot of 


time and finally work it out. 
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